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(57) Abstract: 

FIELD: aerospace transport facilities. 
SUBSTANCE: lieat Insulation fias porous 
insulating body forming many small cells 
from material having low heat conductivity, 
heat absorbing liquid which ensures 
endothermic reaction in presence of catalyst 
and finely divided catalyst of reaction 
evenly distributed in porous body. Heat 
absorbing liquid is para hydrogen; 



granulated ferric nitrate is used as 
catalyst, liquid para hydrogen changes to 
gaseous para hydrogen and then changes to 
orthohydrogen in presence of catalyst In 
form of ferric nitrate which absorbs heat 
due to evaporation heat and endo thermic 
catalytic reaction and decreases transfer of 
heat through porous body. EFFECT: enhanced 
/. 8 d. 3 dwg 
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(54) CMCTEMA TEnJlOBOM M30JiyiL4HM. CMCTEMA OBECnEHEHHyi TEHJlOBO^i 3AlHMTbl OBbEiaA, 
nOflBEPJKEHHOrO B03flEC!iCTBmO BblCOKOTEMnEPATYPHOC^ OKPVOKAKDlUEPi CPEflbl, CnOCOB 
MSrOTOBJlEHMfl CMCTEMbI m\f\ TEHJlOBOf^ SAmHTbl OEbEKTA, nOABEP>KEHHOrO BOSAEMCTBHIO 
BblCOKOTEMnEPATYPHOI^ OKPyjKAKDlHEJ^ CPEflbl 

(57) PectiepaT: 

Hcno;ib30BaHMe: An« oBecneMeHUfl 

BblCOKO30C}jeKTHBHOi^ SaLUMTbl npM B03Ae£1CTBHM 

nepnoflMHecKKX BbicoKnx TSMneparyp b 
CBepxssyKOBbix m aapoKOOMUMecKnx 
TpaHcnopTHbix cpeflCTBax. CyLUHOCTb 
M3o6peTeHMfl: TenjioBan naonsuMfl coflepxnT 
nopucToe nao/ismnoHHoe reno. oepaayroinee 
MHOJKeoTBO uenmx meex, m Marepnana, 
MMeioLMero Hki3Kyio reruionpoBOAHOCTb, 
Ten;ionomoinaioi4yio jKHflKOOTb, 
ogecneMMBaioiityio sHflpTepMimecKyio peaKL|Mio 
B npHcyTCTBMM KaTajiMsaTopa, m uenico 



KarajiMsaTop peaKunn, 
paBHOMepHo pacnpeAeneHHbii^ b nopucTOM 
Tene. Tennonomoinaiomafl >KHflKOCTb BBnaeTCfl 
napasoflopoAOM, KaranMsaTopoM flanaeTCSi 
rpaHyjinpoaaHHasi oKHcb >Kene3a, a }Kvip,mVi 
napasoflopofl nsMeHfleTCfl Ha ra30o6pa3HbiiS 
napaBOflopofl m nepexoflUT na napaBOflopofla b 
opTOBOflopofl B npucyTCTBMM KaTanM3aTopa b 
BMfle OKMCM )Kejie3a, nomoinaioinero renno sa 
cMer era reruia MonapeHMB \a sHAOTepMn^eoKOfl 
KaTajikiTMHecK0(4 peaio^MM m yueHbiuaiou^ero 
leruionep^flaMy Mepes nopmoToe reno. 3 c. m 5 
3.n. 4)-Jibi, 3 Mil. 
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M3o6peTeHMe othocmtwi k cucTeMaw 
TennoBoK naonnLiMH m leruiOBOil aamnibi 
Kopnyca oebeicra, b hbcthoctm oeieiaa, 
noflBepraioi4erocn BogfleRcTamo HenocronHHoro 
MCTOHHMKa Tenna npn BbicoKoCS leMneparype, m 
MOJKer 6uTb Mcnojib30BaHo b oBepxaayKOBbix n 
aapoKOCMMMeoKMX TpaHonopTHbix cpeflCTBax. 

Han6o;iee 6jih3Kmm k M3o6peTeHMio 

flB/lfleTCP yCTpORCTBO rOJIOBHOR MacTM Anfl 

KOCMMHecKMX TpaHcnopTHbix cpeflCTB, 
ppeAHaaHaHeHHoe Ana oiBOfla renna or 
rojioBHoS^ 4acTH, coAepxainee nopucToe 

MSOJlRL^MOHHOe TejlO flHeHCTOi^ CTpyKTypbi, B 

n^efiKax KOTopoR pacnojioKeH BHyrpn 
saAenaHHbiC^ mhm MunpemkipoBaHMbiC) b hmx 
Tsepflbifl TenjionomomaiomMi^ Marepnan, 
o6;iaflaiotnMiS Coxiee hmskoK TeMneparypoCS 
nnaBJieHi/i5i no opaBHeHnio c TeMneparypotl 
McnapeHMfi fiHencToiS cTpyKiypbi. ripn paSore 
TBepflbii^ Marepua;! rennonomoTHTejib, 
McnapseTCfi npn sHflorepMUHecKoR peaKL(MM n 
flMcxxjLinMpyeTCH, B peaynbTare Hero 
BbiAe/ifleTcn BOAopoA. KorAa TsepAbiCi 
Marepnaji TennonomoTHTe/ib no/iHOCTbio 
fleraanpyercH or aoflopofla, Marepnan fl^encroM 
CTpyicrypbi 6yAeT nnasMTbCJi b APyroM 
3HAOTepMi/meoKOM npot^ecce Ana AaJitHeiSiijero 
oxnaweHUfl ronoBHoR MaoTH, mto npuBOflMT k 
SbicTpoi^ 3po3iiiki KOHTypa ronoBHoi) nacTM m 
SbicrpoMy nocryiuieHMio reiuia ^epes 
ki3o;ifli4kioHHyio CMcreiuy k aautkni^aeMOMy 
oSteKTy. 

TexHi>mecKof4 aaflaneH flonneTcn 
oCecneHeHMe acfx^KTHBHoB TeiuioBoa 
MaonnuMH m coap^vie rennoBofl aauiyiTbi 
MexaHi<iMecKkix m aneicrpMMecKMX ckicreM m 
KOHCTpyKL^Ml^ jieTaTenbHbix annapaioB, b 
nacTHOCTM TaKMX jieTarejibMbix annaparoB, 
KOTopbie noAsepraioTCfl fleftcTsmo 
3KCTpeMa;ibHbix yonoBuB aTMO(xt)epbi m 
TeMnepaiypbi. 

SaA^Ma peiiiaeTC!) nyreu cosp^Hm CMcreMbi 
TeruioBoil Maonni^kiki o6i>eKTa, noflBepxeHHoro 
B03Aet1cTBViio SKCTpeMajibHboc TeiMneparyp, 
KOTopasi CQflepKkiT nopMCToe MsonnuMOHHoe 
reno RMeMcron crpyicrypbi, b mefiKax KOTopofi 
pacnonraKBH TennonomoTMTenb, BbinonHeHHuH 
B BMAe )Ki4AKoro napoBQAopQAa. 

npn 3T0M B Tens JWeMCTOB CTpyKTypw 
ApnonHMTenbHo paaMeiueH paBHouepHO 
pacnpeAeneHHbiH, MenKO paaA^neHHbiH 
KaranMaarop nepexom or napa pp 

OpTOBQAOPQfla, B HaCTHOCTM BbinonHeHHbin B 

BMAe rpaHyjiMpoBaHHoro OKCMAa 

TpexBajieHTHoro Keneaa, 
kiao/ifli^MOHHoe Tero 
BbicoKOTeMneparypHoro i 
neHOMarepnana, npn stom weaKM nopnoraro 
TSJia cocTaBJifliOT OKono 88% ot oBbeMa 

M30n51L\MOHHOrO TSJia. 

SaAaMa raioKe peujaercn nyrewi coaAaHMfi 
CMCTeubi TennoBOif aai^MTbi Ann o6i>eKra, 
ncviBep>KeHHoro BosAeRcTBMio 
BbiooKOTeMnepaTypHoro noroKa oKpy)Kaiome« 
cpeAbi, KOTopa?) coAep)KHT KOJKyx, 
pacnojio>KeHHbiR Me)KAy samninaewbiM 
o6-beKTOM M BOSfleC^CTByioinei^ Ha Hero cpeAoi^. 
Ko)Kyx BbinonneH m3 nopucToro Marepnaiia c 
o6pa30BaHneM cTpyicrypbi ca MHWKecTBOM 
MejiKnx AHeeK, b KOTopux pasMetneHO 
Tennonorjiomaioiiiee jkmakob BemeoTBO, 
MMeramee leMnepaTypy Kunenun HM>Ke BbicoKoK 
TeMnepaTypu oKpy>KaioineCi cpeAw. >KiiiAKoe 
BeiMecTBO B3aMMqAefiCTByeT c pasHOMepHO 
pacnpeA^jieHHbiM b nopMCTOM MarepMane 



KaTanMsaTopoM c npoBeAenneivi 

SHAOTepMMMeOKOK XMMM4eCK0R peaKi4HM. 

nopucTbiW Maiepnaji K0)Kyxa ognaAaei hm3Ko£i 
TennonpoBOAHOOTbio, b naoTHOCTH 

paBHO« k0,072 Bt/(m- K). 

ripH CX33AaHMM yKa3aHH0i^ CMOTeMbI 

TenjioBOt^ aai^MTbi CHaqana M3roTaB;iMBaK)T 
MsonnuMOHHbit^ KO)Kyx m3 nopucToro Marepnana 
nyreM CMeineHUfi neHoo6pa3yiomeM 
nonnMepHolS xmakocth o MeiiKO pasAeneHHbiM 
KarannaaTopoM nepexoAa napoBOAopoAa b 
opTOBOAopoA AHsi nojiyneHMJi oAHopoAHoi^ 
CMecM yKa3aHHbix KOMnoHeHTOB, nocxieAyioLnero 
Ao6aaneHM5i KarajinsaTopa b oAHopoAnyio 
CMecb pflst peaKL^HM neHOoepaaoBaHUfi m 
Ha;inBaHMfl 06pa3OBaHHOi^ KaiannsnpoBaHHOM 
CMSCM B npeABapmenbHO M3roTOBneHHyio 
npeco-ct)opMy c nocneAyiomeJ^ BbiAep>KKoR b 
HeiS AO nojiHoro ee aanojiHeHnw nnoTHoC^ 
nopMCTot5 CTpyKiypoi^, o6pa3yioineRcfi b 
peayjibTare peaKunn oahopoahoR cMeon k 
KaTaiiMaaTopy. SarsM norpy)KaioT 

naroTOBneHHbiCi nopnoTbiR K0)Kyx b BBHHy 
>KiiiAKoro napoBOAopoAa Ha Bpeun, AOcraTOMHoe 
Ann oymecTBeHHoro aanojiHeHUJi MHCMKecTBa 
MenKMX OMeeK )KkiAKMM napoBOAopoAOM. m 
paaueu^iioT sai^Mi^aeMbii^ Kopnyc b 

MSrOTOB/ieHHOM nopucTOM Ko>Kyxe. 

Ha c})Mr. 1 oxeMaTMHHO n3o6pa>KeH 
nonepeHHbitl pa3pe3 aamnmaeMoro o6T>eKTa n 
CMcreMa rennoBoR naonflLinn; Ha cpvir. 2 
ysennHeNHbifi nonepeMHbiR paspea naoTH 
M3o6pa)KeHHoro Ha ctinr. 1. noKasbiBaiomMa 
MHoronMencTyio crpyioypy cMCTeMbi rennoBoB 
M3o;ijil4mm; na cjsnr. 3 eiAe 6o/iee yBennHeHHbiil 
cxeMaTM4ecKMR bma MacTM MHoronMenoToil 
CTpyioypbi, noKa3aHHoi^ Ha dpm. 1 m 2, 
noKaawBaKiiUMR paBHOMepnoe pacnpeAeneHne 
KarajiMaaTopa b HMenoToR orpyioype m HMeRKu 
CMcreMbi, coAspxou^Me )KMAKoe Beu^ecTBO. 

Kopnyc, ycTpoCioTBO MnM aneMBHT, KOTopue 
cneflyeT n30JiMpoBaTb, oKpyjKeH cMOTeMoiS 1 
TernionaonfmnM. TaKMMH ycrpoBcTBaMM, 
KopnyooM Mnn aneweHTOM Moryi 6biTb 
sneKTpoHHbie 6jiokki, Hacocbi, luoTopbi M APyrMe 
nqAo6Hbie aneueHTbi. HanpMuep, aneiapoHHue 
ycTpoflcTBa, KOTopbie Moryr HaxpAMTbcn b 
repMeTMHHbix KOHTeifHepax, mojkho cfiopMOBaTb 
B OKpyjKaioiMeii CMcreue rennoBofl \A3ons\i\m 1 , 
a flpyrne yorpoiScTBa, Kopnyca mum aneMOHTbi 
Moryr 6biTb ocHaiAeHbi CMcreMoH TennoBo(4 
Mao;inL(MM nocpeACTBOM npeflBapMienbHO 

C(}X3pM0BaHHblX OXBaTblBaiOl^MX Maonni^MOHHUX 

cMcreM, KOTopbie Moryr 6biTb BbinonHeHbi m3 
6ojiee Meu qahoH MacTM Ann nony^eHMn 
BHyrpeHHefl nonocTM aha ycTpoHcTBa, Kopnyca 
MJ1M 3JieMeHTa, KOTopwe cneflyer MsonMpoaaTb, 
M HCM coaAaercn oicpywaioii^an 
TennoMaonnnMOHHan cMcreMa. 

TeruiOBan M3Qnni<M0HHan cMoreMa 1 coctomt 
Ma AByx np^BapMTenbHo cctxjpMOBaHHbix 
^aorefl 2 m 3, rajKHgn Ma Koropbix nMeer 
BHyrpeHHue nonooTM 4 m 5 cooTBOTCTBeHHO, 
KOTopbie BbinonHeHbi Ann roro, mtoOu cMcreua 
oxaaTbiBajia MaonMpyeuoe ycrpoCicTBO, Kopnyc 
MJiM anewsHT 6. npeABapurenbHO 
ccpopMOBaHHbie nacTM 2 m 3 yoTanaBJiMBaioTCJi 
Ha ycTpoHcTBe, Kopnyoe MnM sneMeHTe 6 n 
co^MHniOTcn no noBepxHOoroM paaAena 7 m 8. 

Teruioaan i/iaoxifli^nn 1 BbinonHena m3 
nopucToro nnencToro M3onnt^MOHHoro rena 9, 
coCTonmero m3 neHoo6pa3yioinero MarepMana. 
MHoroHMeMcran crpyKrypa, o5pa30BaHHan 
TaKMMM neHooSpaayiou^MMM MarepManaMM, 
cxxjTOMT Ma MenKMx nMeeK 10, MweioinMX nonocTM 
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BHyrpn CTpyioypbi. ppnn KOTopux cocTaenneT 
npvi6jiM3MTenbHo 88% or o6-beMa CTpyKiypbi. B 
flOnoHHeHne k ruioxoH TennonpoBOflUMoc™, 
oeecneMMBaeuoit nonocTfiMM. neHooSpaayioiitMi) 
CTpyicrypHbiP^ Marepnaji cawi no oe6e nMeei 
HMSKyio TenjionpoBOflHOOTb. pasHyio h0.072 
Bt/(m K). 

MHO>KecTBO fweeK 10 coflepKni jkhakhK 
napoBOflOPOA 1 1 . KOTopbiH o6o3HaMeH Ha tjjur. 3 
MepeAyiou^MMkicn cnnoiuHbiMki m nyHKrupHbiMn 
nnHMflMM. >KkiAKHt4 napoBQAopOA 11 
noMemaercs) b norocTn c noMombio onucaHHoro 
HMJKe cnoco6a. KpoMe Toro, ksk noraaaHO Ha 
(ipw. 3, neHo6pa3yK)Li{Mi4 MarepMaji BKnioMaeT 
pasHOMepHO pacnpefleneHHbie MenKne ^acT^mw 
1 2 KaranMsaTopa flna nepexofla napoBOflopofla 
B opTOBOAopofl. MHorne ^acTMLibi KarannaaTopa 
12 pacnojiaraioTCfl b HenocpeflCTseHHOii 
6riM300TM OT BHyrpeHHMX CTenoK ji4eeK 10 m 
BaanMOflei^GTByKDT c >kmakmm napoBOflopoflOM 

Korfla Teiio 9 noABepraercfl fleScTBuio renna 
OT BbicxiKOTeMneparypHoro OKpy>KeHHfi 13, 
neHooSpaayiomMH MarepMan n KHflKuCf 
napoBOAopofl 11 nomoinamT renno m 
yBennHMBawT b reMneparype. XnflKuCI 
napoBOAopofl 1 1 naMeHsei CBoe cocTOJiHMe c 
>KMAKoro Ha ra3oo6pa3Hoe b oTBer Ha 
nomoineHHoe reruio n npoxoflMT nepea 
BHyrpeHHue creHKH fineeK 10 m Hapy)Ky Hepe3 
neHOoSpaayiomMM MarepMan b aTMOCCJiepy. 
nocKonbKy napoBOflopoA 11 KOHtaKTupyeT c 
KaiannsaTopoM 12 nepexoAa napoBOAopoAa b 
opTOBOAopofl, OH npeBpamaercfl noA 
AeHcTBueM 3Toro KarajinaaTopa b oproBOAopofl 
\A npn nepexoAe nomoinaer renno so Bpewfl 
3HAOTepMMHecKoJi peaKt^MH. CneAOBare/ibHO, 
lenno nornomaeTCfi npn MSMeneHHH cooTOfiHMfl 
napoBOflopoAa H3 )KMAKoPi dpaza a 
ra3oo6pa3Hyio (pazy sa oMei ncnapeHMn 
CKpbiTbiM TennoM, lenno raiOKe nomoinaeTon b 
pesyrbTare sHAorepMimecKoro 
KarajiMTi^necKoro nepexofl? napoBQflgpqfla e 

OpTOBOflOpOA. 

BjiaroAaps! xopomuM Tenron3orfli4MOHHbiM 
CBoRcTBaM neHOo6pa3yK)iJnero Marepnana 
oxna)KAaioL4M« 3C})4)eKT, conpoBO>KflaiomMt1 
nepexoA )KHAKoro napoBOAopoAa b 
ra3O06pa3Hbia oproBOAopoA, mojkho cMxpansiTb 
B TeHeHMe Bonee 1 4. 

TaKMM oSpasoM, M3o6peTeHMe mojkst 
oSecnemiTb sHaMnrenbHo yjiyMiueHHyK) 3amMTy 
ycTpoiSoTB, KopnycoB mjim sjieMeHTOB or 
K0Jie6aHMii BbicoKoCi TeMneparypbi. Korfla 
cMcieMa B cx30TBeTCTBMM c M3o6peTeHMeM 
noflBep>KeHa fleCicTBuio BbiooKOTeMnepaTypHoro 
oKpyjKeHMfl, HanpuMep, BOflopofla, rejinji mjim 
3THX AByx ra30B BwecTe, c reMneparypoR 
1100 °F, coflep>KainnCic5i MApum napoBOflppQfl 
OHaMana npeBpainaercfl b ra3, KOTopbiK sareM 
npoxoAMT Hepe3 neHOo6pa3HyK) Marpimy, 
nomoinaKDmyio remio b neny nocpeACTBOM 
TaKoS^ SHTajibnuM ra30o6pa3Horo BOflopoAa. 
KpoMe Toro, 6jiaroAapn pacnpefleneHHOMy 
KaranMsaTopy npespaufeHMfi napoBOflopofla b 
opTOBQflopofl Tenno or nepexofla 
napoBpflopofla B oproBpflpppfl mcskst 

CnOCOeCTBOBaTb 3aCTblBaHMI0 neHMCTOi! 

Marpnnbi, Korfla TeMneparypa rasa 
yBenM4MBaeTCfl. Tenno or SToro 
SHflOTepMUHecKoro nepexofla npMMepHO 
SKBMBajieHTHo renny kicnapeHiM BQflopofla m 
3tM)eKTMBH0 yBsnuMMBaeT cnooo6HOCTb 
napoBOflopofla b neHnoToH imaipuMe 
oTsepjKflaTb ee. l/l3o6peTeHMe HMeer ooo6oe 



SHaMeHMB AHS) BblOOKOTeMnepaTypHOS M30nflL^HM 

CMCTewbi B rMnep3ByK0Bbix jierarenbHbix 
annaparax, laKnx kslk nocMmecKV\f\ caMOJiei 
X-30, B KOTopoM B Ka^eoTBe TonruBa 
McnonbsyeTCfl BOflopofl. M3o6peTeHMe mtokho 
Mcnonb30BaTb flnn n3onsmMM ronnnBHbix 6aK0B 
caMOJieia, pa3MecTMB ee na CTSHKax 
TonjiMBHoro 6aKa. Oho raioKe MOJKer 6biTb 

MCnOJlb30BaH0 flnfl 3aU^MTbl MOTOpOB, HaOOOOB M 
3JieKTpOHHblX KOWnOHeHTOB, COflep)KaiHMXCfl B 

BO3flyujH0Pi paiwe hjim BHyrpn TonjiUBHbix BaKOB 
TaKoro cawojiera. TaKMM oBpaaoM, naoBpeTeHne 
o6eone4MBaeT CMCTSMy ^130^f^^nM, KOTopaa 
yflosneTBopneT TpeSoBaHMfiM, 3aKnKwaiomMMCfl 

B He06XOflMMO0TM UMBTb flnn TaKMX 

runepaByKOBbix neTaiejibHbix annaparoB jiericyio 
M naconBHyio cuoTeMy. 

B cuoreMe b oooTBeTCTBMH c M3o6peTeHMeM 
Me/iKopasfleneHHbiB KaTa;iM3aTop 12 nepexofla 
napoBOflopofla b opTOBOflopofl 

npeflnoHTMienbHo ABiweTcsi rpaHynMpoBaHHoB 
oKMCbK) jKeneaa, a nopucroe jwencToe 
MsonniJikioHHae reno 9 npeflnomKirenbHO 
BunonHeHO M3 KpeMHUcroiS 

BbicoKOTeiunepaTypHovi M3onni(MOHHO»i nenbi. 

l/l30J1$1L;M0HHbie CMCreMbl B COOTBeTCTBHM c 

M3o6peTeHMeM Moryr BbiTb cosflaHbi 
cneflyioinMM cnoco6oM. TaKoH cnoooS 
aaitniOHaeTOfl b oepaaOBaHiiM nopucToro KOJKyxa 
flnn yoTpotioTBa. Kopnyoa mjim aneMeHia. 
KOTopbie cneflyer aatiiMTUTb, HMeromera 
MHo«eoTBO MenKMX fiHeeK BHyrpn nopnororo 
TBepfloro neHoo6pa3Horo MiarepMajia, 
BKnionaioii^ero paBHOMepHO pacnpeflieneHHbii) 
MejiKo paaneneHHbitt rpaHyjimpoBaHNbitl 
KaraiiMsaTop nepexofla napoBOflOPOfla b 
opTOBQflopofl, norpy>KeHMM nopMcroro Ko>Kyxa b 
BaHHy xcMflKoro napoBOflppofla Ann sanonHeHMH 
MHOJKecTBa MenKMX imeeK nopmcToro Ko>Kyxa 
iKMflKMM napOBQflPpOflOM VI pasMei^eHMM 
ycTpoRcraa, Kopnyca wva aneueHra, Korapbif^ 
cneflyer MaonMposaTb, b nopMcrbifl KO)Kyx, 
sanofiHeHHbiM napoBOflopoAOM. 

B TaKOM Koixyxe Kopnyo aamiimeH ot renna, 
nocrynaioinero b nopnoTbifi Ko«yx b pesynbrare 
nepexofla JKMflKoro napoBOflOPQfla m3 jkhakoto 
oooTOJiHiiW B raaooepaaHoe m M3 napoBOflopofla 

B OpTOBOflPpQfl B npHOyTCTBMH 

rpaHyjiMpoBaHHoro KarajiMaaTopa. PlopvicTbii^ 
Kowyx MOwer 6biTb oBpaaoBaH c npniMeneHneM 
(fxjpMbi flnfl nonyHeHMfl nopucTora KO)Kyxa; o 
npMMeHeHMeu neHooepaayiou^eC) cMoiiMCToil 
>KMflKoo™, flpBaaneHneM MenKoro 
rpaHynMpoBaHHoro KarannaaTopa nepexofla 
napoBOflOpofla B oproBOflopofl, raKoro KaK 
OKMCb jKeneaa, b neHOoepasyiomyio cMo;iMCTyio 
WMflKOCTb, flobaBneHneM KaTa;iM3aTopa flnn 
peaKi^MM neHoo6pa30BaHMn k cMeon, n 
HaxiMBaHMeM KaTannanpoBaHHoti 
neHOo6pa3yioine« )kmakootm m oflHopoflHoR 
CMSCM MaCTMl^ OKMOM MeneoB B (fopMy, B 
KOTopoM neHooepaayroLuan muflKocrb Bcrynaej b 
peaKmiK) noA p,ef\CTBV\eM KaTaJiM3aTopa, 
o6pa3yeT paciLinpnioi4yioc5i neny b bmas 
cJxjpMbi, BKnioMaioii4eC^ b ce6fl paBHOwepHO 
pacnpefleneHHbie MaoTni^bi okhch >Kejie3a m 

Bblfl8p)l01BaHMS1 OAHOpOAHOi^ OMBCH 

neHoo6pa3yK5meCi jkmakootm m HacTnq 
KaTanM3aTopa flnn nonyMeHun TsepfloR ho 
nopnoToB neHoo6pa3HO« crpyKrypbi. 
BKHioHaioiMef^ paBHOuepHO pacnpeflereHHbie 
4acTML4bi KarajiMsaTopa b cfxjpMe, oKpy>Kaioiiten 
Kopnyc. 

Oopuyna M3o6peTeHMfi: 

1. CucTeMa TennoBoB M3onjmiiM, 



00 
00 



coflepjKainaj) nopucToe naonfli^MOHHoe reno 
me\ACToff\ CTpyKTypbi, b jwei^Kax KOTopora 
pacno/iojKeH lenjionorjioTHTenb, OT/iUHaiomaflCfl 
TeM, 4T0 TennonomoTMTenb Bbino;iHeH b Bvip,e 
>KMflKoro napaBOflopofla, a b rejie jiHenoToR 
cTpyioypbi flonojiHMTe;ibHO pasMetneH 
pasHOMepHo paonpeAeJieHHbiR iwe/iKO 
pasfleneHHbifi KajannsaTop nepexoAa or napa- k 
opTOBOflopofly. 

2. CucreMa no n.1, oinnMaioinasicfi reM, mto 
KarajinaaTop nepexofla ot napa- k 
opTOBOflopofly BbinonHGH B BMAe 
rpaHyjiMpoBaHHoro OKCHfla ipexBaneHTHoro 

3. CucreMa no n.1, OTJiMHaioinajiosi reM, mto 
nopucToe naonfli^MOHHoe leno BbinonHeHO M3 
BbicoKOTeMneparypHoro KpeMHMiicoflep)KaLnero 
neHOMBTepMana. 

4. CucTeMa no n.1, oTJiMMaioinaHOfl rew, mto 
HMeiiKM nopMCToro M3onsmMOHHoro Teiia 
cooTaBnfleT okojio 88% ot oS-beMa 
M3o;iflUMOHHoro TSJia. 

5. CucTeMa ppn o6ecneMeHMfl TennoBOiJ 
aati^MTbi o6-beKTa, noABepKeHHoro BosfleWcTBHio 
BbicoKOTeMnepaTypHoCl 0Kpy)KaK)mei^ opeflbi, 
coAep>Kai4afl KO>Kyx, paonojio)KeHHbiK Me)KAy 
aainninaeMbiM o6-beKTOM n BOSAeCiOTByioLj^eCl Ha 
Hero cpeAoR, BbinonHeHHwC^ m3 nopucioro 
MaTepMa;ia c o6pa30BaHHeM CTpyicrypbi c 

MHO)KeCTBOM Me/IKMX AMBeK, B KOTOpblX 

pasMei^eHo Tennonorjiou^aioi^ee Beu^ecTBO, 
oT/iMMaioLnasicfl tbm, hto b KaqecTBe 
Ten/ionomoiAaKDinera Beii(ecTBa ncnonbaoBaHO 
)KMAKoe Beii4ecTB0, Mweioinee TeMnepaTypy 
KuneHMfl HH)Ke BbicoKotI TeMnepaTypbi 
OKpyKaioineR cpeAbi, BaanMOAeRciByioinee o 
paBHOMiepHo paonpefleneHHbiM b nopiricroM 



MaTepuBJie KaTannsaTopoM c npoBeAeHneivi 

SHAOTepMMMeCKOM XMMMMeCKoCi peaKLiMM. 

6. CucTeMa no n. 5, OTJiMMaiotnasicH tbm, mto 
KO)Kyx BbinojiHeH m nopucToro MaTepnana, 
o6jiaflaiomero hm3kom TennonpoBOAHOCTbKj. 

7. CucTewa no n. 6, OTnuMaiomafiofl tsm, mto 
KO>Kyx BbinojiHeH us nopucToro MaTepnajia o 
TennonpoBOAHOCTbio - 0,072 Bt/(m.K). 

8. Cnoco6 naroTOBJieHMSi CMCTeMbi pflu 
TenjioBOi^ 3aLi<HTbi oeteiaa, noflBep)KeHHoro 

B03AeCiCTBMK5 BblCX)KOTeMnepaTypHOM 

OKpyjKaioiAePi opeAbi, npeAyoMaTpuBaKHHnR 
MsroTOBneHne M3o;iflL|MOHHoro Kox/xa M3 
nopnoToro MaTepnana c o6pa30BaHi/ieM b HeM 
MH0)KecTBa MenKHX AMeeK, OTjinMaioLAMKcji tbm, 
MTO nopnoTbiR KO>Kyx nsroTaBJiMBawT nyTeM 
cweiueHUfl neHoo6pa3yioLAeM nojinMepHoR 
)KMAK0CTH c MejiKO pa3AeneHHbiM 
KarannsaTopoM nepexoAa napaBOflopofla b 
opTOBQflopofl anfl nonyHeHun oflHopoAHoB 
CMecM yKaaaHHbix KoiunoHeHTOB, nocneflyioi^ero 
AQSaBneHMfl KaranMsaTopa b onHopoAHyio 
ciuecb Ann peaKMun neHooGpaaoBaHMn vt 
HajikiBaHMn o6pa30BaHHoi^ KaTajiM3MpoBaHHoi4 
ciwecM B npeflBapnTeJibHo M3roTOBneHHyio 
npetx:-4)opMy o nocneAyiomeR BbiflepKKofi b 
He« AO nojiHoro ee sanonHeHun nnoTHotl 
nopMCToCi CTpyioypot^, oSpasyiotneRcji a 
peayjibrare peaia^MM oflHopoAHoi^ cuecH c 
KaranMaaTopoM, saieM norpysKaioT 
kiaroroBJieHHbii^ nopkicibiii Kcnxyx b saHHy 
xwiKoro napaBQAopofla Ha BpeMn, ApcTaTOHHoe 
flnn cyuopoTBeHHoro aanonHSHUfl MHO>KecTBa 
Menmx mesK xkfflKHM napasQAQpoAQM, m 



MaroTOBJieHHOM nopMCTOM KOJKyxe. 
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ABSTRACT 



OTHER PUBLICATIONS 
T. Morita, et al., "Liquid Hydrogen Storage Tank 



A passive insulating system can provide highly effective 
protection in the presence of transient high tempera- 
tures. The system comprises, for example, a porous 
body forming a multiplicity of fine cells with a material 
having low thermal conductivity, a thermally absorp- 
tive liquid, providing an endothermic reaction in the 
presence of a catalyst, and a finely divided catalyst for 
the reaction uniformly distributed in the porous body. 
In preferred systems, the thermally absorptive liquid is 
para-hydrogen, the catalyst is granulated ferric oxide, 
and the liquid para-hydrogen changes to gaseous para- 
hydrogen, and from para-hydrogen to ortho-hydrogen 
in the presence of the ferric oxide catalyst, absorbing 
heat by its heat of vaporization and endothermic cata- 
lytic reaction and reducing heat transfer through the 
porous body. 

12 Oaims, 1 Drawing Sheet 
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to cool the hydrogen gas stream bdow its inversion 

THERMAL INSULATING SYSTEM AND METHOD temperature, foUowed by an expansion through a Joule- 

Thomson flow restrictor into a load heat exchanger to 

FIELD OF THE INVENTION provide cryogenic cooling for the load. In space craft 

This invention relates to a system and method for ^ applications, it is disclosed that the Joule-Thomson flow 
reducing the transfer of heat to a body, and particularly restrictor can be a metal, foam or porous sinter and that 
relates to system and method for providing effective ^ conversion of hydrogen between its para and ortho 
thermal insulation of a body from a tiansient heat states should be considered in the design of such sys- 
source at high temperature. terns with the incorporation of suitable catalysts in the 

, Wgh pressure and low pressure sides of a regenerative 

BACKGROUND OF THE INVENTION h^at exchanger between the Joule-Thomson valve and 

Thermal insulating systems have been the subject of the electrochemical pump, 
extensive developmental efforts, particularly insulating U.S. Pat. No. 4,393,039 discloses the use of the vapor 
systems for aerospace application. Such systems include from a solid hydrogen mass (maintained below its triple 
the use of high temperature thermal insulation such as point by a cryogenic dewar) and the endothermic cata- 
that sold by Manville under their trademark Min-K. lytic conversion of the hydrogen vapor from its para 
Min-K thermal insulation is available in a fitbric formed state to ortho state in cooling a load, 
from fibrous media and very fine heat-resistant particu- Notwithstanding such development, a need remains 
late matter and creates a phyacally strong, microporous for lightweight, passive systems to provide effective 
insulation with eittreme ly to w thermal conductivity 20 thermal insulation and protection of the mechanical and 
(e.g., 0.20-0.26 BTU/in/FP-Hr-F") and low thermal decttical systems and structures of flight vehicles, par- 
diffiisivity that is efTective at high temperature and high ticularly those flight vehicles exposed to extraordinary 
altitudes. conditions of atmosphere and temperature, such as the 

At the other temperature extreme are the thermal x-30 hypersonic aircraft and other such space flight 
insulative systems commonly used in vacuum-msulated 25 ygjjjgigs 
cryogenic dewars and sometimes referred to as "super 

insulation" or "SI". Such systems can comprise multiple DISCLOSURE OF THE INVENTION 

layers of a metallized fflm, such as metaUized mylar, ^his invention provides a passive system for the ef- 
which has been provided with a distribution of protru- ^ j,^^ iiSnlation of^«tem dements and ob- 
sions to prevent face-to-face contact when the fihn is 30 ]^ ^J^^^^aS^y Wi^^^da !^ 
wrapped around the imier container of a vacuum msu- j^J^efys^^^Sg Md^S^ pro^ 
lated dewar. provided with a distribution of opemngs to aJ^rSSfS^St^^^oS^ 
permit evacuation of the intervening space between the "i;" ^^jTc^otT^-i o„ TJ^^^t^^Zir^I*^, JT^IiIL. 
^ dewar and outer shidd of a vacuum insukted °^ endothenmc catalytic conver- 

dewar. and provided with a metallized surface to re- 35 para-hydrogen to ortho-hydrogen at a con- 

duce heat triisfer by radiation between the imier con- m response to heat teansfer from the hi^ 

tainer and outer shield of a vacuum-insulated dewar. temperature through a porous, thermally msulated eel- 

Static systems for providing thermal insulation at lular sttucture. ^ . ■ 

normal atmospheric conditions commonly include the ^ thermal msidatmg system of this mvention pro- 
use of foam-like insulation formed from catalyzed liquid 40 vides between a body, dement or system to be pro- 
mcluding blowing agents that ate released by reaction tected, and a source of extraordinary temperature, 
in response to the catalyst to form ceUular solids with a ^"^^ formmg a porous body havmg a mulUphcity of 
fine cell structure. Such insulating systems include poly- ^ carrymg a thermally absorptive liquid having 
urethane and isocyanate foam systems, and styrene- a boiling point less than the extraordinary temperature, 
based foam systems such as those sold by Dow Chemi- 45 Preferably, the thermaUy absorptive liquid provides an 
cal Co. under their trademark STYROFOAM. endothermic reaction in the presence of a catalyst, and 

Other systems have also been suggested for normal the catalyst for the reaction is uniformly distributed 
atmospheric conditions. For example, U.S. Pat. No. throughout the porous body forming the multipUcity of 
4,367,788 discloses the use of a porous material, such as fine cells so that in response to heat entering the system 
perlite, mixed with a suitable phase-change compound, 50 from the source of high temperature, tiie thermally 
such as sodium sulfate decahydrate (Glauber's salt), absorptive Uquid changes to a vapor state and under- 
having a high latent heat of fusion at near room temper- goes an endothermic reaction upon exposure to the 
ature. When the system of U.S. Pat No. 4,367,788 is distributed catalyst as it travds tiirough tiie porous 
used to insulate a building, heat that penetrates the insu- body. 

lation system is stored m the phase-change material by 55 The preferred system uses liquid para-hydrogen as 
its conversion from solid phase to liquid phase, and the the thennally absorptive liquid. The liquid para-hydro- 
heat is then released when the temperature falls as the gen is carried in the multiplicity of fine dosed cells 
phase'diange material converts from liquid to solid formed by a porous silicious high temperature insulat- 
phase, thus reducing the heat transferred between the ing foam including a uniform distribution of finely di- 
exterior to the interior of the buildiiig through the ac- 60 vided, particulate ferric oxide catalyst for conversion of 
tion of the phase-diange material and its latent heat of the paiarhydrogen to ortho-hydrogen, 
f^ision. In the invention, the transfer of heat to the body. 

Cryogenic cooling systems for space-based sensors element or system being protected is reduced by form- 
have also been the subject of devdopment. For exam- mg a porous enclosure for the body indudmg a multi- 
ple, U.S. Pat. No. 4,671,080 discloses a closed cryogenic 65 plidty of fine cells from, for example, a porous solid 
cooling system using an electrochemical pump to pro- foam-like material which carries a imiform distribution 
vide a pressurized gas stream of hydrogen (or oxyg«i) of findy divided granulated catalyst for para to ortho- 
in a hi^ pressure flow to one or more heat exchangers hydrogen conversion. The porous enclosure is im- 
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mersed into a bath of hquid para-hydrogen to fill a sectional drawing to illustrate one of the many forms 
multiplicity of fine cells of the porous enclosure with that might be taken by the invention by showing a rect- 
liquid para-hydrogen. When the body, element or sys- angular box 10 that may, for example, be an electronics 
tem to be protected is thereafter enclosed by the porous module encompassed by a pair of complementary, pre- 
enclosure, the body, element or system is protected S molded, insulating system portions 11a and 11^. The 
from heat entering the porous enclosure by the conver- interior structure of the insulating system 11 of FIG. 1 
sion of liquid para-hydrogen from its liquid to gaseous is not shown in FIG. 1 because of the small scale of 
state and to ortho-hydrogen under tiie influence of the FIG. 1. The invention is also illustrated and shown in 
particulate catalyst, thereby absorbing heat and reduc- the larger scale drawings of FIGS. 2 and 3. 
ing the transfer of heat to the body, element or system 10 FIG. 2 is an enlarged cross-sectional portion of a 
being protected. system of the invention showing a portion of the appa- 

In the invention, the porous enclosure can be formed ratus, body or element 10 which is insulated by the 
by providing a mold to form the porous enclosure, system of the invention 11 from exterior heat, which is 
providing a foam-forming liquid, mixing the finely di- indicated by the plurality of arrows 12. In the operation, 
vided soUd catalyst into the foam-forming liquid to IS for example, of hypersonic vehicles such as the X-30 
provide a uniform mixture of catalyst suspended in the aircraft, it is not uncommon that the environment of the 
foam-forming liquid, adding a catalyst for the foam- aircraft will be exposed for short periods to tempera- 
forming reaction to the uniform mixture of foam-form- tures as high as 1 100* F. (693* C.) for periods of one to 
ing liquid and catalyst particles; pouring the catalyzed two hours. Such high temperatures are sufficient to 
uniform mixture of foam-forming liquid and catalyst 20 destroy or seriously impair the operation of many kinds 
particles into the mold; and allowing the uniform mix- of apparatus and many elements needed in the operation 
ture of foam-forming liquid and catalyst particles to of such hypersonic aircraft. With the thermally insulat- 
fonn a solid but porous foam structure including a uni- ing system of the invention, a porous cellular insulating 
form distribution of catalyst particles in a shape to sur- body 11 is provided between the high temperature envi- 
round the body. 25 ronment 12 and the apparatus, body or element 10 to 

Further features and advantages of the invention will protect the apparatus, body or element 10 and prevent it 
be apparent from the drawings and descriptions of the from reaching destructively high temperatures, 
best mode of the invention that follow. The porous cellular insijating body 11 is comprised 

«^ ™^ ^„ »«„»T^- of a suitable foam-formmg substance such as that de- 

BRIEF DESCRIPTION OF THE DRAWINGS 3^ ^ u.g. p^^. 2,808,338, 3,055,831 and 

FIG. lis a cross-section of an element to be insulated 3,950,259, such foam-foraing materials are available 
and an insulating system of the invention; from Manville under their trademark MIN-K2000. The 

FIG. 2 is an enlarged cioss-section of a portion of multi-cellular structure formed by such foam-forming 
FIG. 1 to illustrate tiie multicellular structure of the materials have fine cells providing voids within the 
system of the invention; and 33 structure equal to approximately 88% of the structure 

FIG. 3 is a further enlarged diagram of a portion of volume. In addition to the poor thermal conductivity 
the multicellular structure of FIGS, land 2 to illustrate provided by the voids, the foam-forming structural 
the uniform distribution of catalyst in the cell forming material itself has poor thermal conductivity less than 
structure and the liquid containing cells of the system of about 0.5 BTU/in/TT^Hr-F*. 
the invention. 40 In accordance with the invention, the porous ceUular 

insulating body 11 includes a uniform distribution of 
finely divided para-to-ortho-hydrogen catalyst in the 
cell-fomiing structure, and liquid para-hydrogen is pro- 
In the invention, an apparatus, body or element 10 to vided in the cells of the multicellular structure. As heat 
be insulated is encompassed by a diermal insulating 45 from the surrounding environment 12 enters the porous 
system 11. Such apparatus, bodies or elements may be cellular insulating body 11, it converts the liquid para- 
electronic assemblies, pumps, motors and other such hydrogen to gaseous para-hydrogen which passes out- 
dements. Such elements may be provided with an en- wardly through the porous cellular insulating body to 
compassing system of the invention 11 by a number of the surrounding environment. As the gaseous para- 
methods depending upon the nature of the apparatus, SO hydrogen passes through the porous cellular insulating 
body or dement to be protected. For example, dec- body, it is contacted by the para-to-ortho-hydrogen 
tronic assemblies that may be contained within sealed catalyst particles unifonnly distributed throughout the 
containers may be molded within an encompassing body and converted from para to ortho-hydrogen, 
system 11 of the invention, while other apparatus, bod- In addition to the thermal insulation and high temper- 
ies and dements may be provided with the system of the 55 atuie gradient provided by the low thermal conductiv- 
invention through premolded, encompassing insulating ity of the lioious cdlular structure the apparatus, body 
systems that may be formed in more than one piece to or dement 10 is protected by the heat absorbed in the 
provide an interior cavity for the apparatus, body or conversion of paxa-hydrogen from its liquid to gaseous 
dement to be insulated and provide a surrounding insu- state; as represented by its heat of vi^Kwization, and is 
lating system of the invention. 60 also protected by the endothermic reaction of para- 

For example, as shown in FIG. 1, the insulation sys- hydrogen to ortho-hydrogen mduced by the uniform 
tem 11 is comprised of two premolded portions llosmd disttibntion of findy divided paia-to-ortho-hydrogen 
lib, each of which is provided with an internal cavity catalyst partides in the cell forming structure. The 
11c and lid, respectively, which are formed to encom- preferred para-to-ortho-hydrogen catalyst is particulate 
pass the apparatus, body or element 10 to be protected. 65 ferric oxide. 

The premolded portions 11a and 116 are fitted over the While FIG. 2 illustrates the nature of the porous 
apparatus, body or dement 10 and meet at the respec- cdlular msulating body 11, it has not been provided 
tive interfaces 11« and lif. FIG. 1 is a simplified cross- with, because of its small scale, a showing of the uni- 
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fonn distribution of finely divided para-to-ortho-hydro- the foam matrix. The invention is particularly valuable 
gen catalyst or the liquid para-hydrogen in the multi- for high temperature insulation of systems in hypersonic 
plicity of fine cells. vehicles such as the X-30 national aerospace plane 

FIG. 3 is an enlarged portion of the interior of the which use hydrogen for fuel. The invention can be used 
porous cellular insylating body 11 of FIGS. 1 and 2. As S to insulate the fuel tanks of the airplane by placing it in 
shown in FIG. 3, the body 11 comprises a foam-forming the walls of the fuel tank. It can be used for the protec- 
material 15 that forms uniform ^stribution of cells or tion of motors, pumps and electronics contained within 
voids 20 uniformly distributed throughout the body 11. the air frame or inside the fuel tanks of such airplane. 
The plurality of cells 20 are provided with liquid para- The invention thus provides an insulation system which 
hydrogen 25, which is indicated in FIG. 3 by the alter- 10 satisfies the lightweight passive operation requirements 
nating fidl and dashed lines. The liquid para-hydrogen is needed for such hypersonic vehicles, 
provided within the vends in a manner to be described In the system of the invention, as noted above, the 
below. In addition, as shown in FIG. 3, the foam-fonn- finely divided paia-to-ortho-hydiogen catsdyst is pref- 
ing material 11 is provided with a uniform distribution erably granulated ferric osdde;, and the porous cellular 
of fine particles 30 of catalyst for the conversion of IS insulating body is preferably formed from a silidous 
para-hydrogen to ortho-hydrogen. To avdd complica- high temperature insulating foam, 
tion of FIG. 3^ not all of the small particles of para- Insulating systems of the invention may be provided 
hydrogen catalysts have been provided with identifying by several methods. One such method can comprise 
numbers. As shown, however, in FIG. 3, many particles forming a porous endosure for the apparatus, body or 
of para-hydrogen catalysts will lie dosdy adjacent the 20 element to be protected comprising a multiplicity of fme 
inside walls of the cells 20 and may be exposed to the cells within a porous solid foam-like material, including 
Uquid para-hydrogen. uniform distribution of finely divided granulated cata- 

As the body 11 is exposed to the heat of its surround- lyst for para to ortho-hydrogen conversion, immersing 
ing environment, the foam-forming material 15 and tiie porous enclosure mto a bath of liquid para-hydro- 
liquid para-hydrogen 25 absorb heat and increase in 2S gen to fill the multiplicity of fine cells of the porous 
temperature. The hquid para-hydrogen 25 changes enclosure with Uquid para-hydrogen, and placmg the 
from liquid to gaseous state m response to the absorbed apparatus, body or element to be protected witlun the 
heat and passes through the internal walls of the cells 20 para-hydrogen filled porous enclosure, 
and outwardly through the material IS to escape to In such enclosure, the body is protected from heat 
atmosphere. Since the para-hydrogen 25 is exposed to 30 entering the porous enclosure by the conversion of 
the para-toHjrtho-hydrogen catalyst 30, it is converted liquid para-hydrogen from liquid state to gaseous state 
by the catalyst to ortho-hydrogen and in the converaon and from para to ortho-hydrogen in the presence of the 
absorbs heat in this endothermic reaction. Thus, heat is granulated catalyst. The porous enclosure can be 
absorbed in the change of state of the para-hydrogen formed by providing a mold to form a porous enclosure; 
from liquid phase to gaseous phase by its latent heat 35 providing a foam-forming resin liquid, mixing finely 
vaporization and heat is absorbed by the endothermic granulated para to ortho catalyst, such as particulate 
catalytic conversion of para-hydrogen to ortho-hydro- fenic oxide into the foam-forming resin liquid to pro- 
gen, vide a uniform mixture of ferric oxide particles sus- 

Because of the good thermal insulating properties of pended m the foam-forming liquid, adding a catalyst for 
the foam-forming material 15, the cooling effect accom- 40 the foam-forming reaction to the mixture, and pouring 
panying the conversion of liquid para-hydrogen to gase- the catalyzed foam-forming liquid and uniform mixture 
ous ortho-hydrogen can be maintained for periods in of ferric oxide particles into the mold where the foam- 
excess of an hour. For example, a cubic foam block forming liquid reacts in response to the catalyst, forms 
having a density of about 20 pounds per cubic foot, with an expanding foam in the form of the mold, including 
a thickness of six inches, corresponding to the thickness 45 uniform distribution of ferric oxide particles, 
of the body 11 shown in FIG. 2, can keep the center While I have described what I believe to be the best 
region corresponding to the apparatus, body or element mode of my invention, my invention can take many 
10 of FIG. 2, at or below room temperature for several forms. Accordingly, it should be understood that the 
hours when exposed to a 1100° F. heat pulse having a invention is only limited by the scope of the following 
duration of about one and one-third hours, if the voids SO claims and the prior art. 
or ceUs 20 formed therein are filled with triple point I claim: 

(13.8° C.) para-hydrogen. 1. A thermal insulating material, comprising: 

The invention can thus provide substantially im- a porous, cellular insulating body including a uniform 
proved protection of apparatus, bodies and elements to distribution of finely divided para to ortho-hydro- 

high temperature transients. When a system of the in- S5 gen catalyst in a cell forming structure and further 
vention is exposed to a high temperature environment, including liquid para-hydrogen disposed within the 

sudi as 1100° F. hydrogen, heUum or combinations of cells of said insulating body, 

either gas, the contained liquid para-hydrogen first 2. The material of claim 1 wherein the finely divided 
turns to gas which then passes through the foam matrix para to ortho-hydrogen catalyst is granulated ferric 
intercepting heat coming into the foam by virtue of its 60 oxide. 

hydrogen gas enthalpy. In addition, because of the dis- 3. The method of daim 1 wherein the porous, cellular 
tributed para-ortho-hydrogen catalyst, the heat of con- insulating body is formed from a silicious high tempera- 
version of para to ortho-hydrogen is available for fiir- ture msulating foam. 

ther refrigeration ofthe foam matrix as the gas mcreases 4. The material of claim 1 wherein the cells of the 
in temperature. The heat of this eadothermic conver- 65 porous, cdlidar msulating body comprise 88% of the 
sion is approximatdy equivalent to the heat of v^x>riza- volume of said body. 

tion of hydrogen and effectively increases the refriger- 5. A method of reducing a transfer of heat to a body, 
ating capabilities of the para-hydragen contained within compriang: 
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placing the body to be protected into the mold and 
pouring the catalyzed uniform mixture of foam- 
forming resin liquid and ferric oxide particles into 
the mold; allowing the foam-forming resin liquid to 
expand in reaction to the catalyst to fill the mold 
and to harden and form a solid, but porous cellular 
structure around the body, said cellular structure 
including a uniform distribution of ferric oxide 
particles surrounding the body. 



forming a porous enclosure for the body, said enclo- 
sure comprising a multiplicity of fine cells formed 
by a porous solid foam-like material including a 
uniform distribution of finely divided granulated 
catalyst for converting para-hydrogen to ortho- ^ 
hydrogen; 

immersing die porous enclosure into a bath of liquid 
para-hydrogen for a time sufficient to fill the multi- 
plicity of fine cells of the porous enclosure with 
liquid para-hydrogen; and 
placing the body to be protected within the porous 

enclosure. ... The method of claim 5 wherein the para-to-ortho- 

6. The method of claim 5 wherein the step of fonmng hydrogen catalyst is granulated ferric oxide, 
the porous enclosure includes the steps of: j5 Thg method of claim 6 wherein the foam-forming 

providing a form for the porous enclosure; resin liquid, in reaction to the catalyst, forms the porous 

providing a foam-forming resin liquid; enclosure having cells which comprise about 88% of 

mixing finely divided para-to-ortho-catalyst into the the volume of the porous enclosure, 
foam-forming resin liquid to provide a uniform 11. A transient material for insulating an element at an 
mixture of para-to-ortho-hydrogen catalyst parti- 20 extraordinary high temperature, comprising: 



3 8. The method of claim 5 wherein the foam-forming 
resin liquid is a silicious high temperature insulating 
foam material. 



des suspended in the foam-forming resin liquid; 

adding a catalyst to the mixture of foam-forming resin 
liquid and para-to-ortho-hydrogen particles, said 
catalyst initiating a reaction to convert the foam- 
forming resin liquid to a porous solid comprising a 25 
multiplicity of fine cells; 

pouring the mixture of the catalyzed foam-forming 
Ksin liquid and para-to-ortho-hydrogen catalyst 
particles into the form and allowing tiie reaction of 
the foam-forming resin liquid to fill the form and 
form a solid but porous cellular structure including 
uniform distribution of the para-to-ortho-hydrogen 
catalyst. 

7. The method of claim 5 wherein the step of forming 
a porous enclosure includes the steps of: 

providing a mold to form a porous enclosure; 

providing a foam-forming resin liquid; 

mixing fmely divided ferric oxide into the foam-form- 
ing resin liquid to provide a tmiform mixture of 40 
ferric oxide particles suspended in the foam-form- 
mg liquid; 

adding a catalyst to the mixture of 



a porous insulating body comprising a multiplicity of 

fine cells; and 
a thermally absorptive liquid defined by para-hydro- 
gen within the fine cells of said insulating body, 
said thermally absorptive liquid having a boiling 
point less than the extraordinary high temperature, 
said thermally absorptive liquid providing a series of 
irreversible endothermic reactions to absorb heat 
and thereby reduce the transfer of heat to said 
element, including a first irreversible endothermic 
reaction in the presence of the extraordinary high 
temperature wherein the paia-hydrogen endother- 
mically vaporizes from a liquid phase to a gaseous 
phase, thereby reducing the transfer of heat to said 
element, and a second irreversible endothermic 
reaction wherein the gaseous para-hydrogen endo- 
thermically converts to ortho-hydrogen in the 
presence of a catalyst uniformly distributed 
throughout said insulating body, thereby further 
reducing the transfer of heat to said element. 
12. The transient insulating material as in claim 11 
wherein said para-to-ortho-hydrogen catalyst com- 
prises particulate ferric oxide. 
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